The virulent avian influenza virus A/Ty/Ont/7732/66 (H5N9) (Ty/Ont) causes severe destruction of the lymphoid cells in infected birds. Previous studies have suggested that viral infection of macrophages may be involved. However, Ty/Ont failed to replicate productively in primary cultures of chicken macrophages. Therefore, in an effort to develop an in vitro system for our studies, we examined the susceptibility of an avian macrophage cell line, HD 11, to Ty/Ont. We found that Ty/Ont replicated in the HD11 ceils to high titres, as measured by haemagglutination (HA) assays and infectivity yields. To determine whether this property was unique to Ty/Ont, we also examined the replication of influenza viruses representative of all 13 HA subtypes and an attenuated variant of Ty/Ont. All of the tested viruses replicated in HDll cells; the avirulent strains required the presence of trypsin in the culture medium whereas virulent viruses and the attenuated variant of Ty/Ont did not. These results suggest that the HD11 cells can support the replication of a wide variety of influenza viruses and that this continuous avian cell line may prove useful for in vitro studies on these viruses.
Influenza A viruses are responsible for serious disease problems in humans, lower mammals and birds. For example, virulent avian influenza viruses have caused severe damage to the United States poultry industry with mortality and eradication costs running to millions of dollars (Kawaoka et al., 1984 (Kawaoka et al., , 1987 . The virulent avian strains spread rapidly through their hosts, causing death within a few days of infection. One particularly devastating virus, A/Ty/Ont/7732/66 (H5N9) (Ty/Ont), has been shown to cause severe destruction of the lymphoid system of infected birds (Van Campen et al., 1989a) . This type of necrosis is apparently unique to the pathogenesis of Ty/Ont, based on in vivo studies with other virulent H5 avian viruses, A/tern/South Africa/61 (H5N3) and A/chicken/Pennsylvania/1370/83 (H5N2) (Van Campen et al., 1989b) .
In an effort to understand the pathogenesis of Ty/Ont, we have previously examined viral replication in specific cells in the chicken. These studies have demonstrated viral replication predominantly in macrophages, rather than in lymphocytes (Van Campen et al., 1989b) . However, we were unable to demonstrate productive viral replication in primary cultures of chicken macrophages. Similar abortive replication of influenza viruses in cultures of primary macrophages has also been reported by other researchers (Rodgers & Mims, 1981) . To develop an alternative in vitro system for examining Ty/Ont replication-in macrophages, we tested the susceptibility of a continuous macrophage cell line, HD11, to Ty/Ont and other influenza viruses.
The HD11 cell line, kindly provided by K. Klasing and R. Peng (Department of Avian Sciences, UC-Davis, Davis, Ca., U.S.A.), is a chicken macrophage cell line developed by transformation of chicken bone marrow cells with a replication-defective retrovirus, MC29 (Beug et al., 1979) . These transformed cells possess normal macrophage functions and markers including phagocytosis (ingestion of bacteria), ATPase activity, macrophage surface antigens, Fc receptors, esterase activity and production of cytokines when stimulated by heatinactivated Staphylococcus aureus (Klasing & Peng, 1987 , 1990 .
To study viral replication in the HD11 cells, approximately 2 × 106 cells per well were seeded in 12-well Costar tissue culture plates, then incubated at 41 °C for 24 to 48 h to allow cell attachment. The plates were inoculated with 0-1 ml of 10 -4 dilutions of virus stocks [ranging in titre from 10 6 to l08 median egg infectious doses (EIDs0)/ml] resulting in the addition of 10 to 1000 EIDso/well. These were incubated for 45 min at 41 °C, washed, then further incubated in RPMI medium plus 5% BSA. At 0, 24, 48 and 72 h post-infection (p.i.), virus present in the cell medium was detected by microtitre haemagglutination (HA) assays with chicken erythrocytes (CRBC). An HA unit (HAU) is measured as the amount of virus in a 0.05 ml sample which agglutinates 0001-0109 © 1991 SGM * Haemagglutination titres are represented as HAU (Kendal et aL, 1982) . HA titres were < 1 HAU at 0 h p.i. for all viruses. All incubations were done at 41 °C.
1" Infectivity titres are represented as the Iog~0 EIDs0/ml of the supernatant samples (Hinshaw et al., 1978) .
:~ Ratio of infectivity to haemagglutination of the samples.
0.05 ml of 0-5% CRBC (Kendal et al., 1982) . The presence of infectious virus was determined by titration of the supernatants in embryonated chicken eggs, expressed as EID50 as previously described (Hinshaw et al., 1978) . The infected cell cultures were examined by microscopy for the presence of virus-induced cell pathological effects. In addition, HD11 cells were grown in chamber slides, infected with virus, then fixed at 24 or 48 h p.i. with acetone:methanol (1:1). The slides were treated with a monoclonal antibody specific to the influenza virus non-structural (NS) protein, kindly provided by R. G. Webster (St Judes Children's Research Hospital, Memphis, Tenn., U.S.A.), and then stained with a fluorescent anti-mouse Ig antibody (Brown et al., 1983) .
Initially, Ty/Ont and a monoclonal antibody-selected variant of Ty/Ont, 77Blv, were tested for their ability to replicate in HD11. Relative to the wild-type, 77Blv is attenuated for pathogenicity in vivo, and does not produce lymphoid necrosis (Philpott et al., 1989) . Nonetheless, at an initial inoculum of 105 EIDs0/ml, both viruses replicated in the HD11 cells as evidenced by HA titres increasing from < 1 HAU at 0 h to 8 HAU after 24 h and 16 to 32 HAU after 48 h. Yields of infectious virus increased from < 10 EID50 at 0 h to /> 105 EID5o for both strains at 48 h p.i. Approximately 80% of the inoculated cells were dead by 48 h p.i., as measured by trypan blue viability staining and observed cell mortality.
HA yields were the same for both strains with and without trypsin in the tissue culture medium (1 gg/ml trypsin treated with TPCK to inhibit contaminating chymotryptic activity). For both strains, if the initial inoculum of virus was high (10 s EIDso or greater), most cells died within 24 h and the corresponding yield of HAU was low. An inoculum of 102 EID50 to 104 EIDs0 yielded high and increasing HA titres, with cell death somewhat slower, but usually complete by 48 h p.i. Also, with both viruses, the infected cells stained positive for viral NS protein when compared to uninfected controls (results not shown). These results indicate that Ty/Ont and 77Blv were both able to replicate productively in the HDll cells. These experiments, however, do not eliminate the possibility that these viruses differ in their effects on macrophages in vivo.
To determine whether the ability to replicate in HD11 was unique to Ty/Ont and its variant, we inoculated HDI 1 cell cultures with representative strains of all 13 avian influenza HA subtypes, including prototype strains (see Table 1 ). The viruses were inoculated both with and without trypsin (1 gg/ml TPCK in the culture medium), because most influenza viruses, other than virulent strains, require trypsin for growth in culture. In the absence of trypsin, only the virulent A/tern/South Africa/61 (H5N3) and Ty/Ont replicated, as measured by HA titres. All other viruses produced no detectable HA and no cell death. However, in the presence of trypsin, all viral strains produced detectable HA in the culture medium and caused significant cell mortality. These results are similar to trypsin requirements for growth of the same viruses in chicken embryo fibroblasts and MDCK (Madin-Darby canine kidney) cells (Bosch et al., 1979) .
In the HD11 cells, the HA titres increased from < 1 HAU at 0 h p.i. to a range of 4 to 64 HAU at 48 h p.i. for the different viruses (see Table 1 ). To correlate production of HA and infectious virus, we also determined the infectivity titres in the cell culture medium for several viruses. The yields ranged from 103.5 to 107.5 EID50/ml, demonstrating that all viruses examined produced infectious virus. The ratios of EIDs0/HAU varied widely among the different viruses (Table 1) .
Next, we examined whether mammalian influenza viruses such as A/swine/WI/2185/88 (H 1N 1), A/PR/8/34 (H1N1), A/Jap/305/57 (H2N2) and A/Aichi/2/68 (H3N2) could replicate in HDll cells. A/Jap/305/57 produced HA titres increasing from < 1 HAU at 0 h p.i. to 4 HAU at 24 h and 8 HAU at 72 h p.i. These values are within the range shown by the avian viruses. The other three mammalian viruses were relatively delayed in HA production, with HA titres ~<1 HAU at 24 h p.i., increasing to a range of 2 to 8 HAU by 72 h p.i. All four strains required trypsin (1 ~tg/ml TPCK) to replicate. We also tested PR/8/34-inoculated cell cultures for the presence of infectious virus. The yield was 105.75 EID50 at 48 h p.i. These data indicate that these four mammalian viruses were able to replicate in this avian macrophage cell line.
We have also examined whether temperature affects the ability of mammalian influenza viruses to replicate in HDll cells since they are maintained at 41 °C, the normal chicken body temperature. However, we found that replication of the mammalian viruses at 37 °C was quite similar to that achieved at 41 °C (results not shown). Uninfected HD11 cells were able to grow at either temperature, without any noticeable differences.
Clearly, we have shown that the HD11 macrophage cell line is permissive to a wide range of influenza viruses, including Ty/Ont, the variant 77Blv, 13 avian viruses and four mammalian viruses. There are very few other continuous cell lines (none of which is avian) that support productive replication of influenza viruses. Therefore, we believe that the HD11 cell line may prove to be exceptionally useful for replication studies with these viruses.
